Background: Leisure-time physical activity (LTPA) during pregnancy has maternal benefits, but effects on offspring have not often been considered. This study aimed to determine associations among trimester-specific LTPA during pregnancy and toddler size. Methods: Women (n = 300) were recruited while pregnant in 2006. At follow-up (2008), women reported demographics; recalled type, duration, and frequency of trimester-specific LTPA (MET•min/wk); and rated their toddler's current LTPA level (more, same, or less than others their age). A subset (n = 23) volunteered to have maternal and toddler height, weight, and body fat measured. Maternal body mass index (BMI) and toddler weight-for-height z-scores (WHZ) were calculated. Results: Median toddler WHZ was 0.6 (range -0.5 to 2.9). In Spearman correlations, third trimester LTPA was marginally associated with lower toddler weight (r s = -0.39, P = .06) and WHZ (r s = -0.40, P = .06), but no other measures of maternal LTPA and toddler body size were related. Birth weight z-score was positively associated with toddler weight (r s = 0.51, P = .01) but negatively associated with percent body fat (r s = -0.46, P = .03). Measures of maternal size were unassociated with toddler size. Conclusions: These results provide preliminary support for LTPA during late pregnancy to have a lasting effect on offspring size.
Childhood obesity is a major health concern in the United States that carries the added risk of continuing later into life. According to nation-wide data, the prevalence of obesity for children ages 2 to 5 years has increased from 5.0% in 1976% to 12.4% in 2006. 1 Childhood obesity is associated with poorer health in childhood including increased risk for asthma, type II diabetes, and risk factors for cardiovascular disease, in addition to psychosocial and self-esteem deterioration as a result of social discrimination. 2, 3 Even more unsettling is the high probability that childhood obesity will track into adolescence and adulthood leading to higher risk of adult obesity and/or obesity-related disease. 4, 5 Considering the health risks of childhood obesity, it is important to identify early risk factors for intervention/ prevention efforts. Low levels of physical activity and/ or inactivity among preschool-aged children has been associated with obesity and increased adiposity. 6, 7 In addition, several perinatal factors have also been related to weight status in young children. Specifically, higher parental BMI, excess weight gain during pregnancy, smoking during pregnancy, parity, higher birth weight, and not breastfeeding have each been associated with risk of overweight and/or obese status among young children. [8] [9] [10] [11] Another factor not often considered in the development of child obesity is maternal leisure-time physical activity (LTPA) participation during pregnancy. Current literature indicates that LTPA before and during pregnancy is associated with reduced birth weight within the normal range and lower risk for being born large-forgestational-age. [12] [13] [14] [15] Birth size has been directly related to later child body size, thus it is possible that LTPA during pregnancy may decrease risk of childhood obesity by altering fetal growth to normalize birth weight. 16 To our knowledge, only 1 investigator has examined possible relationships between LTPA during pregnancy and future child body size. Clapp found that offspring of women who exercised vigorously throughout pregnancy were not only lighter and leaner at birth, but also continued to weigh less and have significantly less body fat at 5 years of age compared with offspring of women who were sedentary during pregnancy. 17 It is unknown whether less vigorous LTPA during pregnancy may also affect offspring size.
The purpose of our study was to examine relationships among trimester-specific LTPA during pregnancy and toddler size measured as weight-for-height z-scores (WHZ) and site-specific skinfold measurements. We hypothesized that LTPA during pregnancy would be negatively correlated with measures of toddler size. We additionally sought to describe relationships among maternal characteristics, current toddler LTPA habits, and toddler body size.
Methods

Participants
This research was part of a follow-up study of the Michigan Alliance for the National Children's Study (MANCS) pilot study. 18, 19 Women were originally recruited from 9 prenatal clinics in the Grand Rapids, MI area. Eligible women were currently pregnant at their first prenatal care visit and proficient in English or Spanish. From April 2006 to October 2006, 311 (91%) of 342 eligible women 18 to 50 years old completed a 15-minute interview and, of these, 300 provided future contact information.
From July 2008 to February 2009, women were sent a brochure and informed consent form for a follow-up study. Phone contact was attempted to encourage participation. Women were asked to complete a survey that included questions about their current and past LTPA, demographics, and their toddler's current health. They were also given the option to attend a Health Fair with their toddler to measure height, weight, and percent fat. In total, 110 women agreed to complete the follow-up survey and 23 also brought their toddlers to the Health Fair for anthropometric measurements. The subset of 23 women/toddler pairs who completed both the survey and the health fair compose the current sample.
Participants received compensation for participation at each step in the recruitment process. Women were mailed a $1 incentive with the initial brochure and informed consent form. Those who completed the survey received a $20 gift certificate to a major retail store, and women at the Health Fair were given a copy of their measurement report along with a toy for their toddler. This study was approved by the Biomedical Institutional Review Board at Michigan State University.
Data Collection
The survey was self-completed through the mail or over the internet. The Modifiable Activity Questionnaire (MAQ) was used to assess maternal LTPA. 20 The MAQ was created for the purpose of LTPA recall and has been validated for use with women recalling pregnancy related LTPA 6 years postpartum. 21 Participants recalled a typical week of LTPA for 5 time points: 1 month before they knew they were pregnant, the first, second, and third trimesters, and recently in the past month. From a list of 40 activities, women selected up to 5 that they participated in most often during each time period and reported average durations (min/d) and frequencies (d/ wk) for each activity. MET values were assigned to each of the chosen activities based on the compendium of physical activities. 22 Total volume of LTPA during each time period was calculated by multiplying the reported frequency and duration by the MET value of each activity and summing across activities (MET·min/wk). Leisuretime physical activity during pregnancy was represented using trimester-specific values as well as an average across the 3 trimesters.
The American College of Obstetricians and Gynecologists (ACOG) recommends that pregnant women participate in at least 30 minutes of moderate intensity LTPA on most days of the week. 23 Thus, women were classified as meeting ACOG recommendations for LTPA if their trimester-specific or average pregnancy volume of LTPA met or exceeded 450 MET·min/wk (ie, the equivalent of 3 METS × 30 min/d × 5 d/wk).
The survey also provided information on demographic and toddler characteristics. Women reported smoking during pregnancy, family income, race/ethnicity, highest maternal education, whether they had given birth to previous children (ie, parity), their age at delivery, prepregnancy height and weight (used to calculate prepregnancy BMI, kg/m 2 ), gestational weight gain, and duration of breastfeeding. They also reported their toddler's birth weight and gestational week of delivery. Sex and gestational-age specific birth weight z-scores were calculated using birth weight standards from Kramer et al. 24 Finally, mothers rated their toddler's LTPA as less than, more than, or about the same as other toddlers the same age and gender. This method of characterizing LTPA in young children has been used in other epidemiological studies. 25 
Health Fair Measurements
Body size measurements were conducted by a single investigator on both the mother and toddler. Participants removed shoes and bulky clothing for all measurements. Height was measured to the nearest 0.1 cm using a portable stadiometer and weight to the nearest 0.1 lb using a portable electronic scale. Each measurement was taken twice and averaged. Maternal BMI was calculated as kg/m 2 . Although BMI percentiles are used to classify weight status in children 2 to 19 years, weight-for-height growth curves are used for children under 2 years of age with overweight defined as having a weight-for-height value ≥ the 95th percentile. 26 Thus, as a peer population comparison, weight for height z-scores (WHZ) were calculated for toddlers using age and sex-specific data from the 2000 CDC growth charts. 27 Toddler body composition was determined using tricep, scapula, and calf skinfold sites. All skinfolds were taken in triplicate on the right side of the body and the values were averaged. The Slaughter equation, utilizing the sum of tricep and calf skinfolds, was used to calculate toddler percent fat. 28 Maternal body composition was determined via bioelectrical impedance analysis, and the Lohman equation was used to calculate fat free mass. 29 
Statistical Analysis
Descriptive statistics were reported for all exposure, outcome, and participant variables using means and standard deviations. The main outcome variables in this study were toddler height, weight, WHZ, skinfold measures, and calculated percent fat. Maternal LTPA data were nonnormally distributed and therefore Spearman correlations and Mann-Whitney U tests were used for comparison testing.
Spearman correlations evaluated relationships between the outcome variables and the continuous variables of average pregnancy and trimester-specific maternal LTPA, as well as measures of maternal size, birth weight z-score, and toddler age at follow-up. Mann-Whitney U tests evaluated significant differences in the outcome variables by categories of smoking during pregnancy (any vs. none), parity (nulliparous vs. parous), family income (median split: <$75,000 vs. ≥$75,000), toddler gender, and toddler LTPA level (same as others vs. more than others). SPSS version 17.0 was used for all analyses and a two-tailed alpha level of P < .05 indicated statistical significance.
Results
Women who attended the Health Fair had significantly lower prepregnancy and current BMI values based on self-reported data, and reported higher average current LTPA compared with women who completed the followup survey but did not attend the Health Fair (P < .05, data not shown). Recalled LTPA during pregnancy, maternal age at delivery, offspring birth weight, and maternally reported values for current toddler height and weight were not significantly different between those who did and did not attend the Health Fair at follow-up.
Characteristics of mothers and toddlers who participated in the Health Fair are shown in Table 1 . All women gave birth to a singleton infant at term and were in good health with no detection of complications during pregnancy. Participants were Non-Hispanic White, had completed at least a high school education, and were middle to high socioeconomic status with only 3 (13%) reporting family income <$50,000/yr, 10 (43.5%) reporting $50,000 to 75,000/yr, and 10 (43.5%) reporting ≥$75,000/yr. About half the women (52%) were nulliparous (ie, had never given birth before their 2006 pregnancy). A total of 5 (22%) women reported smoking at some point during their 2006 pregnancy.
Toddlers were 16 to 22 months old at follow-up. About half (52%) were male and most (91%) had been breastfed (average duration 8.9 ± 5.6 months). Mothers rated their toddler's current diet as either "Very Healthy" (35%) or "Somewhat Healthy" (65%) and their toddler's current LTPA as being either the same as (57%) or more than others (43%), with no mothers selecting less than others. While toddler WHZ values ranged from -0.45 to 2.89, only 4 toddlers (17.4%) were classified as overweight. Median toddler body fatness was 18.2% with a range of 13.2% to 23.6%.
Recalled maternal LTPA values for each time point are displayed in Figure 1 . The box plots show median values surrounded by the interquartile range (ie, the gray shaded area) and the absolute range. While LTPA decreased over pregnancy, a wide scope of values were present, with some women reporting no LTPA for any time-period, and others reporting up to 6 to 7 times the recommended amount of LTPA during pregnancy. A couple of women were classified as outliers prepregnancy and in the first and second trimesters because their reported volume of LTPA was greater than 2 standard deviations above the mean (shown on Figure 1 as asterisks). Prepregnancy, 87% of women met the ACOG recommendation. During pregnancy, this value fell to 52% in the first trimester, 35% in the second, and 22% in the third trimester. Spearman correlations between measures of toddler body size and LTPA during pregnancy, maternal size, birth weight z-scores, and toddler age are shown in Table  2 . Maternal LTPA at any time-point during pregnancy was not significantly related to measures of toddler body size; however, LTPA during the third trimester tended to be associated with lower toddler weight (r s = -0.39, P = .06) and WHZ (r s = -0.40, P = .06). Measures of maternal size and/or gestational weight gain were not related to toddler size. In terms of toddler characteristics, birth weight z-score was positively associated with current weight, but negatively associated with skinfold measures and calculated percent fat (P < .05).
Results from the Mann-Whitney U tests for associations among categorical variables and toddler body size measures are given in Table 3 . Smoking during pregnancy was not related to toddler size. Nulliparity was associated with higher calf skinfolds and percent fat values, while lower family income (<$75,000/yr) was associated with higher WHZ and scapula skinfold values (P < .05). Male toddlers had significantly higher WHZ values than females (P < .05); however, skinfold measures did not differ by gender. Toddlers rated by their mothers as more active than their peers had significantly lower calf skinfolds and percent fat (P < .05). Differences in toddler body size according to infant feeding practices, marital status, and maternal education could not be evaluated in this sample due to the high prevalence of breastfeeding, being married, and more than high school education.
Discussion
This study aimed to examine the relationships among trimester-specific LTPA during pregnancy and toddler body size. It was hypothesized that women who were more active during pregnancy would have toddlers with lower WHZ and skinfold measures. Our results demonstrated a nonsignificant trend for third trimester LTPA to be inversely related to toddler weight and WHZ. Toddler skinfold measures and calculated percent fat were unrelated to any measure of LTPA during pregnancy, but were significantly lower among toddlers rated as more active than their peers.
To our knowledge, only 1 other previous study has examined child size in relation to maternal LTPA during pregnancy. Similar to our findings, Clapp (1996) showed that offspring of women who exercised throughout pregnancy had significantly lower measures of skinfold Abbreviations: WHZ, age-and sex-specific weight for height z-score; LTPA, leisure-time physical activity. * Significant P-value < 0.05 comparing groups (Mann Whitney U-Test).
thicknesses and height and weight percentiles at 5 years of age when compared with offspring of women who were sedentary during pregnancy. 17 Our study adds to Clapp's findings by using a younger age group (18-24 months), including a wider range of LTPA behaviors during pregnancy, examining trimester-specific influences of LTPA on toddler size, and also reporting on the toddler's own LTPA. Unlike Clapp's participants, women in our study were not required to be regular exercisers before pregnancy nor were they required to maintain a vigorous activity pattern over the course of 3 trimesters. Rather, the LTPA patterns reported by our participants represented their chosen activity level without influence from study staff. Despite these differences, our results are similar to those of Clapp and suggest that LTPA later in pregnancy may have a protective effect on risk of offspring obesity during childhood. However, these are still preliminary findings that require further testing in larger, more diverse cohorts. It is possible that LTPA during pregnancy may affect toddler size through influences on size at birth. In contrast to the scarcity of literature relating LTPA during pregnancy to child body size, several studies have considered the relationship between LTPA during pregnancy and offspring size at birth. Overall, it appears that LTPA during pregnancy modestly reduces birth weight within the normal range, 12, 30 and may reduce the risk of giving birth to a large for gestational age or macrosomic infant. [13] [14] [15] Birth size has been directly related to later child body size and children born large for gestational age are more likely to remain heavier and have higher measures of fatness when compared with children born appropriates for gestational age. 16, 31, 32 Similar to previous reports, birth weight z-score was directly related to toddler WHZ in our study. However, we also found that birth weight z-score was inversely associated with toddler percent fat, indicating that these toddlers may have excess lean tissue rather than excess fat.
Mechanistically, LTPA during pregnancy is thought to regulate fetal growth by helping to normalize maternal blood glucose and by altering placental blood flow and nutrient delivery. 33, 34 While LTPA during the first and second trimesters seems to improve placentation and vascularization, LTPA during the third trimester appears to have the most direct effect on fetal growth. 34 The developing fetus experiences the greatest gains in fat mass during the third trimester. Thus, this time frame may represent a "critical growth period" where environmental influences (ie, maternal LTPA) may exert their strongest influence. Our results showed borderline associations between greater LTPA during the third trimester and lower toddler weight and WHZ, while LTPA earlier in pregnancy was unrelated to toddler size. However, larger studies with prospective measurements of LTPA during pregnancy and toddler size are needed to examine these relationships in a representative population.
Aside from maternal LTPA, we also evaluated several other factors in relation to toddler size. We found that income > $75,000 and female gender were associated with significantly lower toddler WHZ, while parity and being rated as more active than their peers were associated with significantly lower fatness. Smoking during pregnancy, past and current maternal size, and gestational weight gain were not related to toddler size in this study. Data from the National Health and Nutrition Examination Surveys (NHANES) have shown that the prevalence of overweight in young children does not vary significantly by gender or socioeconomic status. 35, 36 Similar to our findings on toddler LTPA and body fatness, past studies among older children have also shown that LTPA is associated with lower percent fat and/or skinfold measures, but have reported null relationships with child BMI. 7, 37 In contrast to our results, smoking during pregnancy, excessive gestational weight gain, and maternal overweight status (especially during pregnancy) have each been associated with larger child size and/or risk of overweight/obesity in the majority of past literature. [8] [9] [10] [11] Only 4 children were classified as overweight in our sample and mothers were homogeneous in regards to body size and gestational weight gain, which likely prevented us from detecting relationships. Other perinatal factors including the presence of gestational diabetes, no or short duration of breastfeeding, and infant growth rates have been associated with child size/overweight status. 10, 11, 38 However, we were unable to examine these factors either because the data were not collected or our sample was too homogeneous in regards to these behaviors.
Some limitations must be considered. Most importantly, our small homogeneous sample limited power to detect relationships and precluded multivariate analyses. Our sample included very few overweight toddlers thus we could not determine whether LTPA during pregnancy reduced odds of toddler overweight status. Finally, our study was limited to recalled information on maternal LTPA during pregnancy. We used the Modifiable Activity Questionnaire, however, which has been previously validated for use recalling pregnancy-related LTPA at 6 years postpartum. 21 Our recall length was much shorter, thus we feel fairly confident in the reported activity levels.
Despite these limitations, our results provide preliminary support that LTPA during pregnancy may be associated with toddler weight status. While the external validity of this study is hampered by the small sample size, internal validity is strong. A single trained investigator directly measured all maternal and toddler body size measurements. Our study also attempted to specify trimester-specific effects of LTPA participation on elements of toddler body size. Our findings, in fact, revealed no effect of LTPA averaged over pregnancy and instead hinted at third trimester-specific associations.
In conclusion, our results partially supported the original hypothesis that more active women would have lighter and leaner toddlers. Third trimester LTPA tended to be inversely correlated with toddler weight and WHZ, but these relationships were not statistically significant. Toddler skinfold measures and calculated percent fat were unrelated to any measure of LTPA during pregnancy but were inversely associated with toddler LTPA. Existing ACOG recommendations for LTPA are based on maximizing maternal benefits and reducing the risk for pregnancy complications such as gestational diabetes mellitus, preeclampsia, and preterm labor. 12, 23 Our results further suggest that LTPA during pregnancy may benefit the offspring as well. Unfortunately, while the majority of pregnant women report participating in at least some LTPA during pregnancy, population-based data indicate that few (16%) meet ACOG recommendations. 39 Knowledge of possible child health benefits such as those shown here, however, may encourage women to be more active during pregnancy. Further study in larger, more diverse populations is needed to investigate trimester-specific influences of maternal LTPA on offspring size, while considering other perinatal influences as well as offspring activity and dietary behaviors.
